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JAPANESE INDUSTRIAL STANDARD JIS Z 4520 : 2007 

Test procedures for germaiiiiiiii 
gamma-ray detectors 



Introduction This Japanese Industrial Standard has been prepared based on the 
first edition of lEC 60973 Test procedures for germanium gamma-ray detectors pub- 
lished in 1989. 

The portions given dotted underlines are the matters in which the contents of 
the original International Standard have been modified. A list of modifications with 
the explanations is given in Annex (informative). 

1 Scope This Standard specifies the test procedures for performance and charac- 
teristics of the germanium gamma-ray detectors, which are important to manufac- 
turers and users. The test procedures for germanium gamma-ray detectors used for 
the high-resolution gamma-ray spectroscopy are mainly specified. 

NOTE : The International Standard corresponding to this Standard is as follow^s. 

In addition, the symbols which denote the degree of correspondence 
in the contents between JIS and the relevant International Standard 
are IDT (identical), MOD (modified) and NEQ (not equivalent) accord- 
ing to ISO/IEC Guide 21. 

lEC 60973 ; 1989 Test procedures for germanium, gamma-ray detectors 

(MOD) 

2 Normative references The following standards contain provisions which, through 
reference in this text, constitute provisions of this Standard. If the indication of the 
year of publication is given to these referred standards, only the edition of the indi- 
cated year constitutes the provision of this Standard but the revision and amend- 
ment made thereafter do not apply. The normative references without the indication 
of the year of coming into effect apply only to the most recent editions (including 
amendments). 

JIS Z 4001 Glossary of terms used in nuclear energy 

JIS Z 8 103 Glossary of terms used in measurement 

lEC 60333 : 1993 Nuclear instrumentation — Semiconductor charged-particle de- 
tectors — Test pj^ocedures 

lEC 60759 : 1983 Standard test procedures for semiconductor X-ray energy spec- 
trometers 

3 Terms and definitions For the purposes of this Standard, the definitions given 
in JIS Z 4001 and JIS Z 8103, and the following definitions apply. 

a) ion implantation a process in which a beam of energetic ions incident upon 
the surface of crystal results in the implantation of those ions into crystal 

b) full width at half maximum, FWHM the full width of a distribution mea- 
sured at half the maximum value of peak 
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For a normal distributiorij it is equal to 2.35 times the standard deviation a. 

c) full width at 0,1 maximum^ FWO/IM the full width of a distribution mea- 
sured at one tenth the maximum value of peak 

Also called FWl/lOM. 

d) full width at 0.02 maximuin, FW0,02M the full width of a distribution mea- 
sured at one fiftieth the maximum value of peak 

Also called FW1/50M. 

e) Mgh-piirity germanium gamma-ray detector, HPGe a gamma-ray detec- 
tor which uses a high-purity germanium single crystal (The concentration of 
impurities is usually 1 x lO'^-* cm"'^ or under j 

It should be cooled only at the time of use. 

f) germaiiiuiii gamma-ray detector a general term for a high-purity germa- 
nium gamma-ray detector, a lithium drift germanium gamma-ray detector, etc. 

4 Structure 

4,1 General The germanium gamma-ray detector element is a single crystal of 
germanium which will operate as a diode capable of withstanding high reverse bias 
voltage at cryogenic temperature (liquid nitrogen temperature range). When the reverse 
bias voltage is applied, the depletion region is formed in the bulk of the detector. 
Under these conditions, electrons and electron holes generated by the interaction of 
photons are swept to respective electrodes in the depletion region. The induced charge 
is integrated to produce an output pulse whose magnitude is proportional to the 
absorbed photon energy. 

The germanium gamma-ray detector is usually mounted in a cryostat to permit 
cooling the detector and maintaining it at cryogenic temperature for the purpose of 
reducing leakage current and thermal noise. The cryostat also provides protection 
and appropriate environment for the detector. 

For the usual germanium gamma-ray detector, a germanium crystal, a preampli- 
fier, a high voltage filter and a cryostat are combined in an integrated unit, and it 
is not practical to measure performance of the detector as a single unit w^hich is 
isolated from the preamplifier. 

4o2 Detector classification Germanium gamma-ray detector t^^pes are classified 
by material and geometry. 

a) Classification by material Materials used are p-type germanium and n-type 
germanium. A high-purity germanium gamma-ray detector which uses a high- 
purity germanium single crystal is usually used. 

1) p-type detector The p-type detector is made with p-type germanium crystal 
[see figure 2 a)] with an n'' outer electrode (usually lithium diffusion wuth 
a dead-layer of 0.5 mm to 0.8 mm in thickness). The p' inner electrode is 
made by ion implantation of boron and the like. High positive voltage is 
applied to the n"^ outer electrode to form depletion region. 
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2) n-type detector The n-type detector which is also called the reverse- 
electrode detector is made with n-type germanium cr^^stal with a p' outer 
electrode. This outer electrode is made by ion implantation of boron and 
the like [see figure 2 b)]. The inner electrode is usually made by lithium 
diffusion. High negative voltage is applied to the p"" outer electrode to foi^m 
depletion region. Thin (approximately 0.3 pim) outer electrode ma„kes it 
possible to use this detector also for low energy X-ray detector. The n-type 
detector is more resistant to neutron damage than the p-type detector. 

b) Classification by geometry Geometries usually used are a planar t^^pe and 
a coaxial type. The difference depends on the structure of electrodes. The pla- 
nar type is usually a disc shape with electrodes of parallel planes (see figure 1). 
The coaxial type has electrodes of the coaxial cylinder shape of which one end 
is closed (see figure 2). 

1) Planar type detector The planar type geometry is useful for construct- 
ing small-diameter detectors and/or low capacitance detectors which make 
possible low noise, and has characteristics for obtaining high resolution 
especially for low energy X-rays. Some planar type detectors also have large 
front surface areas with high capacitance, and are capable of detecting even 
low-energy X-rays by making the outer electrode thin. Planar type detec- 
tors include the general type and the hybrid type. The general type is a 
simple flat-plates in parallel structure [see figure 1 a)]. The hybrid type 
structure is such that the one side electrode area is made small to achieve 
low capacitance [see figure 1 b)]. 

2) Coaxial type detector The coaxial type geometry makes possible detec- 
tors with high capacitance to be able to obtain relatively high efficiency 
for detecting high energy gamma-rays. 

3) Well-type coaxial detector The well-type coaxial detector has a struc- 
ture in such a way that the sample can be inserted in the inner electrode. 
The sample is essentially surrounded by the detector [see figure 2 c)]. 



■\" 



n-type 



a) General type 
detector (p-type 

or ii'type) 



h) Hybrid type 
detector 



NOTE : The dotted line indicates a thin p^ electrode, and the 
thick solid line indicates a relatively thick n"" electrode. 

Figure 1 Planar type detector 
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a) Coaxial type 
detector (p-type) 



^p'^' 



n-iype 



rV. Thi- 



rhiii electrode 



fo) Coaxial type 
detector (n-type) 



P- 

type 



\ End cap 

(usually aiumimum ) 



c) Well-type coaxial detector 

NOTE : The dotted line indicates a thin p^ electrode, and the 
thick sohd line indicates a relatively thick n"^ electrode. 

Figure 2 Coaxial type detector 

5 General test conditions Although it is not necessary to perform all tests specified 
in this Standard, when tests concerned are performed, the procedures specified in 
this Standard shall be followed except when agreed between the parties concerned 
with delivery. 

The general test conditions specified in this Standard shall be as follows. 

a) The maximum apply voltage, device ambient temperature and environment and 
other operational conditions specified by manufactu-rers should not exceed limits 
when testing since permanent changes of the detector performance may result. 

b) The high voltage power supply, amplifier, multichannel pulse-height analyzer, 
and other equipment used for the test shall not significantly influence the per- 
formance test for the detector because of their instability, nonlinearity or other 
performances. 

cj Changes in measurement system components or changes in system parameters 
(e.g. amplifier gain) shall not be made without complete system recalibration. 

d) The performance test results should be reproducible within the measurement 
precision range after any one or all tests are completed. 

6 Energy spectroscopy measiiremeiit For the energy spectroscopy measurement, 
unless specially agreed between the parties concerned with delivery, a spectral peak 
shall be at least six channels at FWHM and the total counts within FWHM shall be 
at least 50 000. The radiation source shall be located on-axis of the detector and 
25.0 cm. from the end cap surface. 

6,1 Recoinmended radiation source Radiation sources given in table 1 are rec- 
ommended as radionuclide sources for the measurement of energy resolution of the 
detector and/or the spectroscopy system. 
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Table 1 Recommended radiation source 



Radionuclide source 


Half-life 


Energy 


''''Fe 


2.7 years 


5.9 keV 


''^'\Am 


433 years 


59.5 keV, 26.36 keV. X-rays 


^^*^^Cd 


453 days 


22.1 keV (X-ray, doublet peak), 88.0 keV 


'"Co 


270 days 


122.1 keV, 136.5 keV 


^■'^^Cs 


30 years 


661.6 keV 


'^■^Na 


2.60 years 


1 274.5 keV 


^'^■'Co 


5.24 years 


1 173.2 keV, 1 332.5 keVi^) 


'^^'Tl (nuclide series of '^^Th) 


1.91 years 


2 614.5 keV 



Note C) 1 332.5 keV of ^*^Co is the gamma-ray preferred for the performance test 
of a coaxial detector. 



For the multi-line gamma-ray sources, ^^Co (half-life 77 days) with energy range 
from 847 keV to 3 600 keV, and ^^^Eu (half-life 13 years) with energy range from 122 keV 
to 1 769 keV may be used. In the energy resolution measurement, it is assumed that 
the measurement system is energy calibrated in units of eV, or keV per channel. 

The energy calibration shall be performed by using plural gamma-rays which should 
be sufficiently close in energy to the peak under study to reduce problems arising 
from measurement system nonlinearities. For example, in the case of ^'^Co, 1 173.2 keV 
and 1 332.5 keV gamma-ra3^s are suitable for this purpose. In the case of the mono- 
energetic gamma-ray emitter 
combined. 



''^'Cs, '''"Bi (569.7 keV) or ^^'Mn (835 keV) should be 



6.2 Connection method of test equipment Connect the preamplifier, main am- 
plifier, and multichannel pulse-height analyzer to the detector as shown in figure 3. 

The detector and preamplifier are usually supplied as an integral unit. The main 
amplifier shaping is usually set to the conditions to obtain the optimum performance 
of the detector. The method and parameters of main amplifier shaping used shall 
be given with each energy resolution measurement results or specifications. A pulse 
generator (see lEC 60333) connected to the measurement system can be run simul- 
taneously with the gamma-ray measurement, provided that it does not distort other 
peaks (e.g. by baseline undershoot) or cause significant errors in dead-time correc- 
tion for the detection efficiency measurement. 
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Figure 3 



Block diagram of typical germaiiiuin gamina-ray 
spectroscopy system 



6.3 DeterminatioB of peak area Although the method of peak area determina- 
tion (net counts of peak) includes many methods such as a method of summing the 
counts per channel and a peak function fitting method, a peak-sum method shall be 
specified in this Standard so that the calculation result of peak area can be easily 
ensured. Even in the peak-sum method, although there are some methods for de- 
termination of a baseline area, here, the following two methods shall be specified. 
Either method may be used, however, the method by which the test is performed 
shall be clearly stated. 

Information : For the method a), in the case of a high-resolution germanium 
gamma-ray detector, accuracy becomes poor according to how to 
draw a straight baseline. Furthermore, since the method a) is 
complicated because it requires the determination of baseline 
counts per channel and so on, the method b) is usually used. 

a) For the method of calculating baseline area by summing baseline counts per 
channel, the procedure shall be as follows. 

1) As shown in figure 4, pulse-height distribution shall be plotted as the log 
of the number of counts A^x in channel X versus channel number X. On 
this semilog plot, the straight line a-d shall be fitted to represent an ap- 
proximation of the baseline under the peak. The mean value of 10 data 
points above and below the peak may be used to fit the baseline. 

2) Draw a smooth curve through the peak data points, extending the curve 
on each side at the base of the peak to intersect the baseline (curve A-B 
and curve C-D). 

3) The area below the straight line (A-D) bounded by two points of intersec- 
tion with the peak curve shall be taken as the baseline area. 
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4) The total peak area At shall be obtained by summing the counts per chan- 
nel between two points of intersection with the straight baseline. 

A, = 2iVx (1) 

where, iVx : number of counts in channel X 

5) Similarl}^, the baseline area Ab shall be obtained by summing baseline counts 
Bx per channel in channel X, 



Ab=2Bx 

A'-A 



6) The peak area A shall be as the formula (3). 
A=At-Ab 



(2) 



(3) 



Energy (keVO 
160 1 200 1 240 1 280 1 320 1 360 1 400 



10'^ 



1 1 73.2 keV 



332.5 keV 









c 




A ^^"^^H^d 

D 



10^ 
4 800 5 000 5 200 5 400 5 600 5 800 6 000 

Channel number X 

Figure 4 Method of calculating baseline area by summing 
baseline counts per channel 

b) For the method using trapezoidal approximations for baseline area^ the proce- 
dure shall be as follows. 

1) As shown in figure 5, regard the baseline below the peak as a straight line. 
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2) Set the peak region (L to H) wider by some channels from both ends of the 
peak. 



3) Obtain the total peak area At by summing counts in each channel. 



A, = 2iVx 



(4) 



where, A^x ' number of counts in channel X 
4) The baseline area Ah in the peak domain shall be as the formula (5). 

Ah-^(H-L+1){NL + NH) (5) 



where, Nl : number of counts in channel number L 
A\i : number of counts in channel number H 

For A^'l and A'^h, the mean value of some left and right points (L ± k, H±. k, 
fe == 1 to 5) may be used to make statistical fluctuation small. However, when 
the centre of the peak is taken as X, L2+ /^ ^X-1.5FWHM and H2~k^ 
l+l^SFVraM shalfbelbllow^d^ 

5) The peak area A shall be as the formula (3). 
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Figure 5 Method to approximate baseline area using 
trapezoidal area 
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6.4 Detemiiiiatioii of peak chamiel For each channel, calculate the number of 
counts per channel from which the baseline counts are reduced (iVx-Bx)* Determine 
the channel X corresponding to the maximum monoenergetic spectral peak by inter- 
polation. For example, the method to determine the weighted average of the sym- 
metrical portions of the peak above the half number of peak counts by using the 
formula (6) is convenient. 



X- ZX(A\ ~ Bx)/2(iVx " Bx) ' 



(6) 



6.5 Determination of FWHM, FW0,1M and FW0.02M of peak Determine 1/2, 
1/10 and 1/50 of the maximum of peak by a linear plot of N^-Bx versus X. Deter- 
mine FWHM, FWO.IM and FW0.02M of the peak in channels AN, by interpolation 
(see figure 6). These ratios (FWO.IM/FWHM and FW0.02M/FWHM) are often given 
as indicators of peak shape quality. 
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Figure 6 FWHM, FWO.IM, FW0,02M of peak of 1 332.5 keV 
gamma-ray (^^Co) 

6.6 Determination of peak-to-ComptoB ratio Determine the average number 
of counts Nc of the Compton continuum portion defined by relatively fiat interval 
from 1 040 keV to 1 096 keV for 1 332.5 keV gamma-ray of ^'^^'Co. These regions shall 
avoid the Compton edge. The peak-to-Compton ratio is defined as the ratio of the 
maximum number of counts in the peak A^x at channel X to Nc (see figure 7j. 
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The peak-to-Compton ratio is one of the detector performance index which de- 
pends on the geometry of the detector, the mount metliod and cryostat structure, 
the counting efficiency and the energy resolution. The peak-to-Compton ratio is 
inversely proportional to the energy resolution if other factors remain unchanged. 
It usually increases with increasing counting efficiency, however, the extent of this 
effect is limited depending on the detector geometry. 
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Figure 7 Determination of peak-to-Compton ratio (P/C) for 
1 332.5 keV gamma-ray (^^^Co) 

B.7 Determination of energy resolution The gamma-ray peak to be measured 
and a second gamma-ray peak should be located in the same spectrum and their 
centres Xi and X2 should be determined for the purpose of energy calibration (see 
0,4). The second peak may be produced by a calibrated pulse generator (see 4.1 of 
lEC 60333, for calibration of pulse generator). 

On a plot of Nx-Bx, determine FWHM of the peak in. channels ANs by interpola- 
tion. The energy^ resolution AEs expressed in energy units shall be as the formula (7). 

E,~E2 



AEs- 
where, 



X,- 
E, 

E2 
% 



X, 



-ANs 



(7) 



energy of peak to be measured 
centre channel of peak to be measured 
energy of second peak 
centre channel of second peak 



PROTECTED BY COPYRIGHT 



11 

Z 4520 : 2007 



The type of amplifier shaping used and the conditions thereof (e.g. shaping time) 
shall be clearly stated when describing the energy resolution measurement or speci- 
fication. 

When the energy resolution is measured specially at a high count rate, the count 
rate and the performance of the preamplifier used (maximum count rate-energy prod- 
uctj hereafter referred to as "CREP") also shall be clearly stated. The CREP corre- 
sponds to the maximum energy input at which the preamplifier will still operate within 
its linear response range. For example, in a resistive feedback preamplifier, the maxi- 
mum CREP is determined by the feedback resistor and the maximum feedback voltage. 
The CREP is defined as the formula (8). 

CREP=2i5;xrE(keVxs-') « (8) 

where, te : count rate (s~\) at energy E (keV) 

6,8 Determination of total noise linewidth and detector contribution Obtain 
A.E^,, FWHM for the gamma-ray peak, and AEr, FWHM for the pulse generator peak, 
by measuring a peak of the gamma-ray spectrum and a peak of the pulse generator. 
Refer to lEC 60333 if more information about the usage of pulse generator for the 
noise measurement is needed. AEr is the total noise linewidth for the spectroscopy 
measurement system. The contribution to FWHM for the gamma-ray peak due to 
all factors other than electrical noise AEo shall be as the formula (9). 

L 
AEo-iAE^-AEr'P * • (9) 

If the data have been acquired at a sufficiently low count rate to eliminate char- 
acteristics of count rate effects, ^^o is primarily due to the detector charge genera- 
tion and collection processes and is an important characteristic of the detector. 

0.9 Determination of peak asymmetry The measurement should be made at 
low count rate of 1 000 s~' or under to make count rate effects to the peak asymme- 
try negligible. The determination of peak asymmetry shall be as follows. 

On a semilog plot of (Nx~Bx) versus X-axis, draw a line from the apex of peak 
channel X perpendicular to X-axis. At 1/10 height of the peak, measure the interval L, 
from the low energy side point to the midline, (see figure 8). Measure the corre- 
sponding interval H on the high energy side (see figure 8). Quote peak asymmetry 
as the ratio H/L and also show the gamma-ray energy for which it applies. 
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Figure 8 Determination of peak asymmetry as ratio HIL 

6.10 Determination of energy resolution of well-type coaxial detector The 
energy resolution measurement for well-type coaxial detectors shall be made so that 
the point source is located on-axis approximately 1.0 cm from the bottom centre of 
the well [see figure 2 c)]. Detectors with a low electric field strength near the elec- 
trode will perform poorly with the source inside the well due to poor charge collec- 
tion near the electrode. The measurement method and radionuclide sources used 
are otherwise the same as for other germanium gamma-ray detectors. 

6.11 Preferred energy When the energy resolution is tested, it is preferred to 
make measurements at specific energies chosen according to the energy range for 
which the detector is to be evaluated. The preferred energy and radionuclide ac- 
cording to energy range shall be as given in table 2. 

Table 2 Preferred energy 



Energy range 


Preferred energy and radionuclide 


1 MeV or over 


1 332.5 keV (^'^Co) 


400 keV or over to and excL 1 MeV 


661.6 keV ('-^'Cs) 


70 keV or over to and excl. 400 keV 


122.1 keV(^^Co) 


Under 70 keV 


5.9 keV ('^^Fe), 22.1 keV (^^'^Cd), 59.5 keV (^^^Am^^ 



NCyiE : See 6.1 for a wider range of energy. 
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7 DeteFniinatioii of counting efficiency The counting efficiency for a full en- 
ergy peak depends on the active volume and shape of the germanium gamma-ray 
detector, the allocation of radionuclide source to the detector and the structure of 
the vicinity of detector. The counting efficiency is defined as that of the complete 
detector assembly including not only the detector but the vicinity structure. 

In this Standard, the following two allocations of radionuclide source to the de- 
tector shall be specified. 

a) a point source 25.0 cm from the centre of the detector endcap surface 

b) a point source on-axis 1.0 cm from the bottom centre of the well of a well-type 
coaxial detector 

While representative, these allocations do not correspond to all of the possible 
geometries. However, measurements under these conditions will provide a refer- 
ence for performance testing, comparing and selecting of detectors. 

When the counting efficiency is used to show the performance, the measurement 
method shall be clearly stated. 

Although the counting efficiency may be obtained using the volume source which 
simulates an actual measurement sample, in this case, specifications such as the 
shape of the simulated volume source shall be clearly stated. 

7.1 Efficiency for a point source at 25.0 cm 

7.1.1 Determination of absolute full-energy peak counting efficiency W^ith 
the detector connected to the auxiliary electronic equipment as shown in figure 3, a 
spectrum using a calibrated ^^Co radionuclide source shall be measured. The distance 
from the centre of the radionuclide source to the centre of the endcap surface shall be 
25.0 cm. The absolute full-energy peak counting efficiency £'a shall be the ratio of the 
number of counts A in the full-energy peak to the number of 1 332.5 keV gamma-ray 
JVs emitted by the radionuclide source during the counting time (live time). 

E,=A/Ns (10) 

Alternatively, the counting time may be determined from the area of a pulse peak 
run at a constant known rate with the pulse generator appearing approximately 5 % 
above the gamma-ray peak in energy. For the counting efficiency measurement in 
which a radionuclide source is close to the endcap, this method is useful. 

7.1.2 Determination of relative full-energy peak counting efficiency The ef- 
ficiency jErd of a germanium gamma-ray detector relative to the counting efficiency of 
a 3 inch x 3 inch (76 mm x 76 mm) Nal (Tl) scintillation detector at a radionuclide 
source-to-detector distance of 25,0 cm (as defined in 7*1*1) shall be as the formula (11). 

£rd-£a/i;Nal -" ^ (11) 

where, £h : total energy counting efficiency according to for- 
mula (10) 

^Nai • total energy counting efficiency of 3 inch x 3 inch 
(76 mm x 76 mm) NaT (Tl) scintillation detector 
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The value of £^Nai corresponding to 1 332.5 keV gamma-ray emitted by ^''Co shall be 
1.20 X 10"*^ when the radionuclide source to detector endcap centre distance is 25.0 cm. 

7.2 Determination of gamma-ray coujitiiig efficiency of well-type coaxial 
detector For the determination of gamma-ray counting efficiency of well -type coaxial 
detector, although the method specified in 7.1 is usually used, there is also a measure- 
ment method by inserting a radionuclide source in the well. Although either method 
may be used, when the counting efficiency is used to show the performance, the mea- 
surement method shall be clearly stated. 

For the measurement method by inserting a radionuclide source in the well, a 
radionuclide source is surrounded by the germanium crystal [figure 2 c)] and this 
results in a high counting efficiency for the gamma-ray. Furthermore, thus, the fraction 
of coincident gamma-rays which are summed becomes much greater than the case 
when the radionuclide source is located outside the endcap, and these coincident gamma- 
rays shall appear in the spectrum as the apparent sum peak. The sum peak repre- 
sents the occurrence of the coincident full-energy absorption of two gamma-rays. 

The measurement method by inserting a radionuclide source in the well shall be 
as follows. 

a) For one of two coincident gamma-rays, the number of gamma-ray detected at 
full energy is equal to the sum of the counts in the full energy peak A and the 
counts in the sum peak A^. For an accurate measurement, the number of gamma- 
ray detected for coincident gamma-rays shall be represented by A + As. 

b) The true effect of coincident summing in a well-type coaxial detector is especially 
important for specifying the counting efficiency performance of the detector. As 
the absolute efficiency of the detector goes up, the fraction of count fall of the full 
energy peak A by the sum peak becomes greater, and the ratio A^/A increases. 
Thus, if only the counts in the full energy peak A is used to calculate the abso- 
lute efficiency, the calculated efficiency will become progressively deficient as the 
actual efficiency increases. When calculating the counting efficiency of the de- 
tector using one of tw^o coincident gamma-rays, A 4-Ag shall be used for the counts 
at full energy corresponding to that gamma-ray. 

c) The counting efficiency of well-type coaxial detector (^) should be measured so 
that the point source of ^**Co of less than 2.0 mm in dimension is approximately 
1.0 cm above the bottom of the endcap well by the method specified in 6.2. The 
counting of accidental coincidences shall be made negligible or collectable by 
the count rate and amplifier shaping time control and/or through the use of pulse- 
pile-up rejection. The 1 332.5 keV gamma-ray of ^^Co is in coincidence with the 
1 173.2 keV gamma-ray resulting in a sum peak at 2 505.7 keV. 

Note (^) The active volume (cm^) of germanium crj^stal is one of the indicator to 
show^ the counting efficiency of well-type coaxial detector, however, the 
user has no way to verify the active volume. Also, it is not a reliable 
indicator for the counting efficiency, therefore, the active volume (cm''*) 
of germanium crystal is not acceptable for the performance indication 
of the detector. 
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d) The peak area of 1 332.5 keV and 2 505.7 keV of ^^^Co should be determined ac- 
cording to the method of 6,3. The counting efficiency (W) of the well-type coaxial 
detector shall be as the formula (12). 

-^ '-> 

where, A : peak area of 1 332.5 keV peak 

As : peak area of 2 505.7 keV sum peak 

iVs : number of 1 332.5 keV gamma-ray emitted by 
nuclide source during live time 

8 Window thickness index The window thickness (detector dead-layer, cryostat, 
endcap, etc.) shall be evaluated by measuring the three peak areas for 31.0 keV, 
35,0 keV and 79.6 keV/81.1 keA^ emitted by ^^^Ba and by reporting these ratios as a 
window^ thickness index. The ratio of peak area for 22 keV and 88 keV of ^"'^Cd or 
43 keV and 86.5 keV of ^^'"Eu may also be used. For both cases, ensure that the self- 
absorption in radionuclide source and absorption of housing are negligible. 

A window thickness index based on the X-ray fluorescence is used for the thin 
window thickness. Such an index is specified in lEC 60759 and the thickness index 
is based on the X-ray fluorescence of standard glass. 

This glass contains oxides of Si, Ba, Ca, Li, Mg\ Zn and B. When the X~ray fluo- 
rescence is generated by a ^'Te radionuclide source, it emits numerous X-rays in the 
region from 1 keV to 5 keA^. Ratios of these X-rays to the coherently backscattered 
5.9 keV X-ray from the radionuclide source shall be used for the window thickness index. 

9 Timing A useful method for measuring the timing capability of the germanium 
gamma-ray detector is based on a coincident measurement detecting two 511 keV 
annihilation radiation emitted by ^^Na in opposite directions. In addition to this, 
there is also a coincident measurement method of gamma-rays emitted in cascade 
by ^'^'Co, A start signal from the germanium gamma-ray detector under test and a 
delayed stop signal obtained from other high-speed detector are required. The dis- 
tribution of the time difference between the start signal and the stop signal shall be 
measured by a time-to-amplitude converter (TAG) and the timing resolution of the 
system shall be obtained. If the high-speed detector and the electronic circuit of the 
system are faster, information on the timing resolution of that germanium gamma- 
ray detector can be obtained. However, the timing measurement depends on the 
entire system and its adjustment, the result of timing measurement should not be 
considered solely as the characteristics of the detector. 

9.1 Measurement system of timing resolution A typical system for measur- 
ing the timing resolution of germanium gamma-ray detector is shown in figure 9. 
The stop signal is the signal from a high-speed plastic scintillator mounted on a 
relatively fast photomultiplier (total rising time shall be 5 ns or under). The signal 
from the photomultiplier is sent to a constant-fraction timing discriminator (hereaf- 
ter referred to as "CFTD"), delayed a few nanoseconds by the delay circuit and in- 
put to the stop side of a time-to-amplitude converter (TAG). Several calibrated delay 
circuits are required for the calibration of the time axis. 
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The signal from the germanium gamma-ray detector shall be split in two at the 
output of the preamplifier. 

For one, the signal from the preamplifier is sent to a fast shaping amplifier with 
a differentiation time constant approximately equal to the fastest rising time ob- 
servable at the preamplifier output. The output signal is then sent to a CFTD. The 
fraction of the pulse-height level at the CFTD should be 20 % and the shaping delay 
should be one and a half times the rising time which is the fastest signal observed 
at the output of the preamplifier. This parameter combination helps to minimize 
the timing uncertainties due to rising time and pulse-height variations. 

For the other, the signal is sent to an amplifier and a single-channel analyzer 
(SCA), which is used as the gate signal of the multichannel analyzer. The positron 
annihilation radiation by ^"Na radionuclide source should be centered on 511 keV 
with 10 % window^ width by SCA. 



gamma-ray 
source 



Photomultiplier 



Constant fraction 
timing discriminator 



Plastic 
scintillator 



Germanium 
ganmia-ra3' 
detector 



High voltage 
power supply 
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High voltage 
power supply 



Fast amplifier 



Calibrated 

dela5^ng 

device 



Stop 



Time-to-amplitude 
converter 



Start 
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timing discriminator 



Input 



Multichannel 
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analyzer 



Gate 



Timing single channel 
pulse-height analyzer 



Main 

amplifier 



Figure 9 Measuring system of timing and time spectrum 

9,2 Determination of timing resolution An example of the measuring system 
in which the time spectrum of the gamma-ray coincidence count is obtained is shown 
in figure 9. Also, a typical spectrum is shown in figure 10. The number of channels 
between FWHM shall be at least six, and the total number of counts within FWHM 
shall be at least 4 000. After calibrating the time axis using at least two calibrated 
delay time, FWHM and FWO.IM shall be determined in units of nanoseconds. The 
following parameters shall be recorded to ensure the reproducibility of the timing 
resolution test. 

a) Apply voltage to germanium gamma-ray detector and scintillator detector 

b) Shaping conditions of plastic scintillator system fast shaping amplifier and ger- 
manium gamma-ray detector system amplifier 

c) Delay time of stop signal 
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Time axis (channel) 
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420 



Figure 10 Timing resolution of germaiiium gamma-ray detector 
(example) 

10 Temperature cycle 

10.1 Temperature cyclable detector The temperature cyclable detector (gen- 
erally high-purity germanium gamma-ra3^ detector) shall be especially useful for such 
as a portable detector and the case where a continuous supply of liquid nitrogen is 
not ensured. A cyclable detector shall also remain under vacuum if it is integrated 
with the cryostat. For the temperature cyclable detector^ manufacturers shall guar- 
antee that the detector shall maintain its performance throughout the warranty period 
under conditions of unlimited cycling between room temperature and liquid nitro- 
gen temperature and of indefinite room temperature storage. 

10.2 Annealable detector The annealable detector shall be designed so that they 
do not degrade when subjected to a specified temperature for a given time to repair 
the damage due to radiation (specially fast neutron) (see 10.1). The cryostat, detector 
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and mount method shall be capable of accommodating the annealing (such as 120 °C 
for 24 h). It should be such that in the absence of radiation damage, the detector will 
be able to tolerate this annealing without degrading its performance beyond specified 
limits,. 

Proper annealing can restore the radiation-damaged high-purity germanium gamma- 
ray detector to its approximate condition prior to damage. Compared to the p-type 
coaxial detector, the n-type coaxial detector is less sensitive to radiation damage and 
also the efficiency degrading by annealing is small. 
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